Introduction
In this paper, we study the stability of the following g'=pipaP3p4P5-pips (13) where In this case, the monotonization index mz1=4 and the lowest degree of p1 is 1, then we apply Step 3 in the algorithm. Applying
Step 3 three times, we have H2(q)=12g1+4g4g2+gi (57+4q2+3q2) +q3q4 (40+1582+q2) In this case, mz2=2 and the lowest degree of p2 is 1. Then, we apply Step 3. We have H2(q)=gg31+q+8210+3q +g54gl+9q3+4g1g3+15g3g4 +12gg3g4+57g+4583+40g3g4 (36) where q5E [-6,3] The monotonization index mz2 changes to 1 and the lowest degree of q2 becomes 2. Then, we apply Step 4. We have 112(q)=g2g3q5 (1+q4)+10+3q+3q3) +q5 (4q+9q3+4q1q3+15g3g4) +12gg3q4+57g+45g3+40g3g4 (37) =-2q2(q3q5(1+g4)+10+3q+3q3)( 38 9 and the modified Routh array ( Table 5 ). The first columns of both modified Routh array (Table  4, Table 5 ) have one sign variation, then the characteristic polynomial is not R+-positive. Thus, we cannot ascertain its stability using Siljak's method.
In this example, since there are only two interval parameters, we can see its stability by other methods, for example, some graphical methods. And we can learn that This polynomial is affine in p. The edge theorem requires to check the stability of F(s,p) on the exposed edge of p. Our stability conditions also can be applied to the stability analysis of (44). Sometimes, our monotonicity conditions do not hold on the whole parameter region P. Let us consider the following example.
F(s,pi)=5+4pl+(24+8pi)s+6s2
The original polynomial is given in the reference 3) as an example where the exposed edge determines its stability in z-plane. And an interval parameter p1 itself becomes the exposed edge. In this paper, we discuss in s-plane, so we apply the bilinear transformation z=(1+s)/(1-s). And we have (45) and the following H3(p1) and c0(p1).
Checking the monotonicity of H3(p1) and c0(p1), (45) is not stable on the whole parameter region. In the reference 3), Mori and Kokame showed that the polynomial (45) is not stable on the exposed edge, but stable at both endpoints of p1. In this example, we use only the interval division method to H3(p1). So, the stability condition is still necessary and sufficient. It is known that for the polynomial whose coefficients are multi-linear in interval parameters, the edge theorem is incompetent for analyzing the stability17). In the reference17), the following example is given. In this example, partial derivatives (51) vanish at p1=1 and p2=1, respectively. Then, we divide the intervals of p1 and p2 at 1. Substituting r=0.5, we have Table 7 . H2(p) becomes negative at p1=p2=1. This means that (49) is unstable. Since we use only our interval division method to H3(p) with respect to p, derived conditions are still necessary and sufficient. In the reference 17), Ackermann et al. showed that the unstable parameter region is a circle whose center is p1=p2=1 and radius is r in defined parameter region P. And They also showed that F(s,p) is stable at all endpoints of p and on all edges of the parameter region P. In this example, the center of unstable region (circle) is the dividing point of interval parameters in the interval division method. Now we summarize the comparative merits of our method and the edge theorem. The edge theorem is useful only for the affine polynomial with respect to the parameters. And it is known that the calculation of the exposed edge is difficult in general (1 His research interests include the basic theory and applications of nonlinear control, the digital control theory, and approximate solutions of design equations of control systems . He is also the member of ISCIE, JSIAM, and R.S.J.
